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Objectives: Recently, photodynamic therapy (PDT) has been introduced as a new modality in oral
bacterial decontamination. Current research aims to evaluate the effect of photodynamic killing of
visible blue light in the presence of hydrogen peroxide, curcumin and erythrosine as potential oral
photosensitizers on Porphyromonas gingivalis associated with periodontal bone loss and
Fusobacterium nucleatum associated with soft tissue inflammation.

Materials and methods: Standard suspension of P. gingivalis and F. nucleatum were exposed to
Light Emitting Diode (LED) (440-480 nm) in combination with erythrosine (22 pm), curcumin (60
pM) and hydrogen peroxide (0.3 mM) for 5 min. Bacterial samples from each treatment groups
(radiation-only group, photosensitizer-only group and blue light-activated photosensitizer group)
were subcultured onto the surface of agar plates. Survival of these bacteria was determined by
counting the number of colony forming units (CFU) after incubation.

Results: Results for antibacterial assays on P. gingivalis confirmed that curcumin, Hydrogen perox-
ide and erythrosine alone exerted a moderate bactericidal effect which enhanced noticeably in
conjugation with visible light. The survival rate of P. gingivalis reached zero present when the sus-
pension exposed to blue light-activated curcumin and hydrogen peroxide for 2 min. Besides, cur-
cumin exerted a remarkable antibacterial activity against F. nucleatum in comparison with erythro-
sine and hydrogen peroxide (P=0.00). Furthermore, the bactericidal effect of visible light alone on
P. gingivalis as black-pigmented bacteria was significant.

Conclusion: Our result suggested that visible blue light in the presence of erythrosine, curcumin
and hydrogen peroxide would be consider as a potential approach of PDT to kill the main gram-
negative periodontal pathogens. From a clinical standpoint, this regimen could be established as
an additional minimally invasive antibacterial treatment of plaque induced periodontal pathologies.
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infection which results in the destruction of periodon-
tal connective tissue and resorption of alveolar bone.
Porphyromonas gingivalis and Fusobacterium nuclea-
tum strongly believed as major pathogens in the etiolo-
gy of adult periodontitis . However, Antibacterial
agents are also widely used, but problems with general
efficacy due to access of topical agents to plaque and
the possibility of development of bacterial resistance
mean alternative strategies are desirable to control
plaque and treat gingivitis and periodontal disease 2 3.

One potential alternative antibacterial approach is
Photodynamic Therapy (PDT) ©. Photodynamic inacti-
vation represents a novel tool to combat multi-resistant
and wild strain bacteria based on a very gentle proce-
dure. Several studies have illustrated that PDT has a
strong effect on a large number of oral gram positive
and gram negative bacteria, using different photosensi-
tizers and light sources 5 0.

Photosensitizers, molecules that are chemically
excited by light of specific wavelengths, may cause bio-
logical damage or lead to the generation of ROS capable
of reacting and affecting biological systems. Although
many of these dyes may have inherent antibacterial
effects, it is generally only during irradiation that the
photodynamic bactericidal effect is elicited 7.

Obviously, more immediate benefit could be
attained from photosensitizers already available for use
in the mouth. One such photosensitizer is erythrosine.
Dental practitioners currently use erythrosine to stain
and visualize dental plaque in the form of disclosing
solution or tablets. Erythrosine has some reported
antimicrobial activity against Gram-positive and Gram-
negative oral bacteria 8 9. However, erythrosine also
belongs to a class of cyclic compounds called xan-
thenes, which absorb light in the visible region, and
the ability of erythrosine to initiate photochemical reac-
tions is well documented 190, Moreover, the results
reported by Wood et al. pointed out that erythrosine-
mediated PDT is 5-10 times more effective than meth-
ylene blue (MB)-mediated PDT at killing Streptococcus
mutans biofilm bacteria 1V. Besides, he suggested that
the region of maximal absorption by erythrosine is
500-550 nm which is near the wavelength range of visi-
ble blue light sources. This is extremely encouraging,
as MB is an established and effective tumor 12 and
antimicrobial photosensitizer 13: 19, Interestingly, there
are few works to assess the potential antimicrobial
activity of visible light-activated erythrosine on oral
pathogenic bacteria.

Curcumin a polyphenol found in turmeric
absorbs blue light when solubilized, was shown to
elicit several biological effects such as inhibition of
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tumorogenesis, anti-inflammatory activity and antibac-
terial properties 1. Several in vitro and in vivo studies
have shown that curcumin alone is non-toxic, but
highly antibacterial when light activated 10 170, The
high efficiency of curcumin as a photosensitizer is
combined with a very good tolerability for curcumin
after ingestion by humans, which has been explained
by its low oral bioavailability 18, Aratjo et al. have
evaluated the effect of photo-activated curcumin on
the bacterial content of saliva samples of 13 volunteers
and have reported a significant reduction of salivary
microorganisms 9. Paschoal et al. used a blue Light
Emitting Diode (LED) to photo-activate curcumin
placed in contact with plank-tonic cultures of
Streptococcus mutans and reported a 70% reduction in
bacterial viability after light exposure 29, Several stud-
ies investigate the possible bactericidal mechanism of
light-activated curcumin and they pointed out that in
the presence of light, curcumin can sensitize the for-
mation of free radicals and ROS leading to phototoxic
reactions. 21 22, In addition, the results of a study con-
ducted by Bruzell et al. pointed out that curcumin has
a rather broad absorption peak in the range 300 - 500
nm (maximum ~ 430 - 435 nm, depending on the
preparation) and he suggested that the spectral overlap
with a commercially available halogen lamp routinely
used in dental light-curing is acceptable 23,

Hydrogen peroxide (H202) is used worldwide for
cleaning wounds, removing dead tissue, or as an oral
debriding agent, due to its strong oxidizing properties.
Previous studies have indicated that the use of hydro-
gen peroxide associated with PDT gives increased
killing of microorganisms 24). Besides, for all examined
microorganisms, PDT in the presence of increasing
hydrogen peroxide concentrations gave increased
microbial killing in an H202 dose-dependent manner.
The results of a study conducted by Feuerstein et al.
indicated a synergistic antibacterial effect of noncoher-
ent blue light, often used in restorative dentistry, and
hydrogen peroxide (H202) on S. mutans under plank-
tonic conditions was observed 23, The results of this
study also suggested a potential bactericidal mecha-
nism in which the synergistic effect on bacterial vitality
is the result of the generation of the highly reactive
hydroxyl radical (OH).

Visible light wavelengths, mostly in the presence
of a chemical photosensitizer, have been studied as a
potential means of affecting bacterial vitality 20-28),
Recently, there are several reports on the bactericidal
effect of visible light, most of them claiming the blue
part (wavelength, 400-500 nm) to be responsible for
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killing various pathogens. For example, Feuerstein et
al. showed that broadband blue light sources such as
light emitting diode (LED) used in dentistry for curing
resin-composite materials at 400-500nm exert a photo-
toxic effect on P. gingivalis and F. nucleatum 9.
Meanwhile, irradiation of visible blue light is relatively
in the maximum absorption range of these three men-
tioned sensitizers and as a result, it may bring about
the maximum bactericidal effect. In addition, the
involvement of ROS plays a major role in the photo-
toxic effect of visible light on bacteria 3. In this turn,
this finding supports the hypothesis that the bacterici-
dal effect of visible light that involves photo-oxidative
reactions may enhance the potential bactericidal effects
of these photosensitizers. Therefore, we hypothesized
that the bactericidal activity of these three photosensi-
tizers which we applied in the present study could be
promoted maximally by visible blue light in the range
of 400-500 nm exerted by hand held photopolymerize
LED. This study aimed to carry out a preliminary
assessment to examine the visible blue light-activated
hydrogen peroxide, curcumin and erythrosine as
potential oral photosensitizers on the viability of P.
gingivalis associated with periodontal bone loss and F.
nucleatum associated with soft tissue inflammation.

2. Materials and Methods

2.1.Bacteria and growth conditions

Fresh lyophilized Porphyromonas gingivalis (33277)
and Fusobacterium nucleatum (25586) from the
Type (Rayen
Biotechnology Co. Ltd., Tehran, Iran) were used. P.
gingivalis and F. nucleatum were rehydrated in brain
heart infusion (BHI) broth (Merck KGaA, Darmstadt,
Germany) and incubated in an anaerobic jar at <1%
O2 and 9-13% CO2 at 37°C. All the strains were subcul-
tured twice before exposure to light. The bacterial con-
centration after 24 h incubation was standardized by
dilution with sterile broth to OD650nm = 0.45, equiva-
lent to ~ 5x10° colony forming units (CFU).

American Culture Collection

2.2. Light source

The light source was equipped with a Light Emitting
Diode (LED) in the wavelength range 440-480 nm (visi-
ble blue light) with an emission maximum at 460 nm
(Starlight pro, Mectron, Italy). The device is routinely
used in clinical light-curing of dental polymers, and is
equipped with a light guide with an area of 0.7 cm?
The irradiation distribution of the light source is not
fully homogenous at a few cm distances from the light
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guide. Therefore, the light guide was held close to the
cell dish or plate and also, the distance between the
light source tip and the exposed sample was fixed to
obtain a constant power density. An average light
power of 570 mW/cm? was measured for LED using a
power meter (Puyesh Tajhiz Sanat Pasargad Co.,
Tehran, Iran) over a spot of 0.7 cm diameter. To calcu-
late power density, the average power was divided by
the area of light spot. The light source is designed for
irradiation purposes normally lasting less than 2min.
For longer irradiation procedures, the device may
become heated. Therefore, a maximum of approxi-
mately 5 min irradiation time was chosen for our
experiments.

2.3. Erythrosine

1% (w/v) erythrosine powder (Sigma Ltd, Poole, UK)
was used and dissolved in distilled water to reach the
final concentration of 22 um, where the filter was ster-
ilized to obtain clear and homogenous solution.

2.4. Curcumin

Curcumin (Zingiberaceae-ginger F. curcuma longa L. as
authenticated by Dr. Davari Nejad, Department of
Botany, Ferdowsi University, Mashhad, Iran) was used
as aphotosensitizer because it absorbs blue light
(absorption range 400-460 nm). To circumvent the rela-
tive insolubility of curcumin in non-organic solvents, a
stock solution (1 mM) was prepared by dissolving the
powder in 99.5% ethanol. Stock solution was further
diluted to the concentrations to be tested by adding
NaCl 0.9%; maximal ethanol concentration in bacterial
cultures was less than 3% (v/v) (60 pM curcumin sam-
ples). The solution was stored in the refrigerator and
protected from light until usage.

2.5. Hydrogen peroxide (H202)

Hydrogen peroxide (Sigma-Aldrich Co., Germany) was
used at final concentrations of 0.3 mM. This concentra-
tion is significantly lower than the Minimum Inhibitory
concentration for P. gingivalis and F. nucleatum report-
ed by Mckenzie et al. in 2012 3D,

2.6. Lethal photosensitization of bacteria

Colonies of P. gingivalis and F. nucleatum from
Mueller-Hinton (MH) Agar plates were suspended in
BHI broth, and bacterial density was visually adjusted
to a turbidity of 0.5 McFarland standard reagents. The
exact density (CFU/mL) of each suspension was veri-
fied on MH agar plates. P. gingivalis and F. nucleatum
solutions were prepared for five 96-well (7mm diame-
ter) flat-bottom plates with lids (Orange Scientific,
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Belgium) as follow: visible light + erythrosine (LED*
ER®), visible light + curcumin (LED* CURY), visible
light + Hydrogen peroxide (LED* H202%), erythrosine
(LED" ERY), curcumin (LED- CURY), Hydrogen peroxide
(LED- H202%) and visible light without photosensitizer
(LED") . In each study well of plates, 175 pL of P. gin-
givalis or F. nucleatum suspension plus 175 pL of each
three photosensitizers added. In the group of visible
light without photosensitizer (LEDY), 175 pL of the ster-
ile phosphate-buffered saline (PBS) was added to
equalize the level of the walls. Samples were then kept
in the dark for 5 min before irradiation. Samples of
bacteria in suspension were exposed in a laminar flow
hood (Besat, Tehran, Iran) under dark aseptic and aer-
obic conditions to the maximum output of each light
source. The treatment was performed under aerobic
condition since the result of a study strongly recom-
mended that the mechanism of phototoxicity of blue
light on periopathogenic bacteria is oxygen dependent,
which might result mainly in the formation of hydroxyl
radicals 32, Light devices were fixed in vertical posi-
tions at the level of the wells. To prevent light trans-
mission into neighbouring wells, 15 wells of each
plate, with 2-well distance between them, were select-
ed and plates were covered with a black shield with an
orifice corresponding to the diameter of the wells.
Every sample was exposed 1, 2, 3, 4 and 5 min to light
source, bacterial strain and medium combinations,
equivalent to flounce of 34-172 J/cm? using LED.

2.7. Determination of bacterial survival

After exposure of the bacteria in suspension to different
treatment, samples were diluted 1:10 for six executive
times in sterile broth. Then, triplicates of 10 pL were
applied to the agar plates. Survival of these bacteria
was determined by counting the number of colony
forming units (CFU) after incubation. P. gingivalis and
F. nucleatum were cultured under anaerobic condition
at 37°C until bacteria colonies were visible (1-5 days).
The percentage of surviving bacteria was calculated in
relation to the control non-exposed samples under
similar experimental conditions. All the experiments in
which the results of the treated samples differed from
those of the control were repeated at least five times.

2.8. Statistical methods

To assess the effect of bacterial strains, light source,
photosensitizer and the length of exposure to light on
bacterial survival, multiway analysis of variance
(ANOVA) was applied. The one-sample t-test was used
to determine whether the change in bacterial count
was significant. All the applied tests were two-tailed,
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and a P value of = 0.05 was considered statistically sig-
nificant.

3. Results

Effect of different treatments and exposure time
on bacterial growth

Viability was assessed after different treatments were
applied to bacteria under same conditions and is
expressed by percent survival of bacteria in suspen-
sion. To assess the effect of exposure time and differ-
ent treatments on bacterial survival, multiway analysis
of variance (ANOVA) was applied which its results
(P=0.00 for both bacteria species) suggested that the
both factors including the exposure time and treatment
were significantly effective to reduce the viability of
bacteria. Besides, to achieve the optimal treatment and
exposure time for each bacteria species, the t-test was
used when multiple pairwise comparisons were made.
Exposure to visible blue light in the presence of these
three photosensitizers reduced the viability of P. gingi-
valis and F. nucleatum noticeably, which was positive-
ly affected by exposure time. The reduced viability of
P. gingivalis exposed to blue light alone for 3 min was
significantly higher in comparison with F. nucleatum
that may point out the potential susceptibility of P. gin-
givalis as black-pigmented bacteria possess endoge-
nous porphyrins to visible light (Fig. 1).
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Fig. 1: Effect of visible blue light on viability of both
species examined in suspension during 5 min
irradiation. Ervor bars indicate the SD.
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Results for antibacterial assays on P. gingivalis
confirmed that curcumin, Hydrogen peroxide and ery-
throsine alone exerted a moderate bactericidal effect
which enhanced noticeably in conjugation with visible
light. For instance, the viability of P. gingivalis
decreased to approximately 60% when these three
photosensitizers applied alone on the suspension of
both species examined for 5 min (Fig. 2b). Besides,
the survival rate of P. gingivalis reached zero present
when the suspension exposed to blue light-activated
curcumin and hydrogen peroxide for 2 min. However,
erythrosine-mediated photodynamic therapy killed
approximately the whole population of this bacteria
species during 4 min (Fig. 3b).

On the other hand, curcumin exerted a remark-
able antibacterial activity against F. nucleatum in com-
parison with erythrosine and hydrogen peroxide sug-
gested a statistically meaningful difference (P=0.00, t-
test) (Fig. 2a). This result is in agreement with the
finding of a study that indicated curcumin possesses
antibacterial property against a number of Gram posi-
tive and Gram negative bacteria (37). Furthermore, the
viable population of F. nucleatum reduced to 10%
after 3 min when the suspension of bacteria exposed
to blue light-activated curcumin or erythrosine while
visible light-activated hydrogen peroxide led to 60%
and 98% drop in survival rate of F. nucleatum after 3
and 5 min respectively (Fig. 3a).
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Fig. 2: Effect of photosensitizers on viability of F. nucleatum (a) and P. gingivalis
(b) in suspension during 5 min exposure. Error bars indicate the SD.
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We compared the bactericidal effect of photosen-
sitizers that applied alone with blue light-activated
ones. In this case, our results suggested a statistically
meaningful difference (P=0.00 for erythrosine and
H202, P=0.04 for curcumin, t-test) and consequently,
this finding indicates a synergic antibacterial effect
between blue light and these sensitizers on viability of
P. gingivalis and F. nucleatum. Moreover, our results
suggested that the maximum bactericidal effect of visi-
ble blue light-activated curcumin, erythrosine and
hydrogen peroxide examined could be achieved for
both species by optimal exposure time of 3 min which
clearly is of clinical value of this antimicrobial regimen.
In addition, we found that these photo-activated com-
pounds we applied in our study may represent the
potential photosensitizers of choice for clinical PDT of
periodontal infections.

4. Discussion

Currently, there is considerable interest in the use of
locally applied antimicrobial agents in the treatment of
periodontitis 33, A major advantage of this approach
over the systemic administration of such agents is that
it minimizes disruption of the normal microflora at
other body sites, so helping to avoid opportunistic
infections at these sites. However, the low capability of
these agents to penetrate the deep layers of the biofilm
is considered a pivotal factor in this effect while it is
conceivable that light energy has the capability to pen-
etrate the deeper layers of the biofilm relatively more
than chemical agents do. Besides, the other serious
problem with this approach is the difficulty in main-
taining therapeutic levels of the agent for a sufficient
period of time due to elution of the agent by gingival
crevicular fluid 3%. The use of PDT, however, is not
beset by such problems, as the photosensitizer needs
to be retained in the periodontal pocket for only a
short time. This is extremely encouraging, as the
results of our study showed a significant bactericidal
effect of visible blue light-activated erythrosine, cur-
cumin and hydrogen peroxide on two main periopath-
ogenic species for 3 min.

Bacteria species such as Porphyromonas and
Prevotella endogenously synthetize porphyrines which
absorb at wavelength similar to visible blue light used
in this study 3. Soukos et al. claimed that broadband
light (380 to 520 nm) rapidly and selectively kills oral
black-pigmented bacteria (BPB) in pure cultures and in
dental plaque samples obtained from human subjects
with chronic periodontitis and they hypothesize that
this killing effect is a result of light excitation of their
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endogenous porphyrins 30, Besides, the results of a
study pointed out that those Bacteria which possess
high amounts of endogenous photosensitizers can easi-
ly be destroyed with visible light 37, This result are in
agreement completely with our findings that the irradi-
ation of blue light after 3 min resulted in significant
reduction of viability of P. gingivalis comparing with F.
nucleatum. However, it was beyond the scope of the
present study to test the role of this photosensitizer in
phototoxicity of blue light on bacteria.

One of the photosensitizer that was used in this
study was oral plaque disclosing agent or erythrosine.
To our knowledge, there are rare reports of the use of
erythrosine as a photosensitizer in the mouth. Clearly,
erythrosine has an advantage over other photosensitiz-
ers in development, as it already targets dental plaque
and has full approval for use in the mouth. To deter-
mine the phototoxic effect of erythrosine as sensitizer,
we observed that the survival rate of both species
examined exposed to blue light in conjugation with
erythrosine, decreased noticeably to nearly zero per-
cent following 4 min irradiation. Interestingly, these
results completely are in agreement with the findings
of a study that demonstrated the efficacy of erythrosine
in sensitizing of non-oral microbes to killing by light
38).

Curcumin features many of the attributes of an
ideal photosensitizer for photokilling of pathogens: it is
very small, has the ability to form singlet oxygen in an
aprotic environment and features excellent biocompati-
bility 19. In this study, we found potential antibacterial
effect of curcumin on two main gram-negative peri-
opathogenic bacteria since it reduced the survival rate
of these species by nearly 50 percent. This result is in
agreement with the finding of a study that indicated
curcumin possesses antibacterial property against a
number of Gram positive and Gram negative bacteria
39 The survival rate of P. gingivalis and F. nucleatum
reached zero present when the suspension exposed to
blue light- activated curcumin up to 2 min (68 J/cm?)
and 3 min(102 J/cm?) respectively. Interestingly, the
results of a study of a study suggested that Exposure of
planktonic cultures of S. mutans to 2 pM of photo-acti-
vated curcumin reduced the population of live cells by
95.5% after 2 min irradiation 40, Recently, Mandroli
and Bhat showed that curcumin exerted an antibacteri-
al activity against standard strains of most prevalent
organisms of deep carious lesions namely
Streptocuccus mutans, Lactobacillus casei, Actinomyces
viscosus and most prevalent strains of root canal bacte-
ria namely Porphyromonas gingivalis, Prevotella inter-
media 4V,
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In the current investigation, we found an insignif-
icant antibacterial effect of H202 against F. Nucleatum;
however, the survival rate of this species reached zero
percent when exposed to blue light-activated hydrogen
peroxide for 5 min. on the other hand, H202-mediated
PDT kill the whole population of P. gingivalis in sus-
pension up to 2 min (68 J/cm?) irradiation which may
show the more potential susceptibility of this species
comparing to F. Nucleatum. These results are partly in
agreement with the finding of Feuerstein et al. who
showed that the combination of visible blue light
exposure for 20 s (23 J/cm?) and a concentration of 0.3
mM H202 yielded 96% growth inhibition of S. mutans,
whereas, when they were applied separately, bacterial
growth was decreased by 3% when exposed to light
and by 30% in the presence of H202 42),

The result of our study confirmed that the bacte-
ricidal effects of blue light-activated hydrogen perox-
ide, curcumin and erythrosine decreased moderately
during the last minutes of irradiation (Fig. 3a, b). This
fact can be explained not only by the limited numbers
of photosensitizer’s molecules but also by the limited
reactive oxygen species (ROS) generating capacity.
Moreover, the photodynamic process also leads to
diminish photosensitizer level due to the photobleach-
ing 1V, Metcalf et al. observed that the fractionation of
white light during the erythrosine-mediated PDT of S.
mutans biofilm grown in vitro results in increased cell
killing compared with continuous irradiation. This may
be due to the replenishment, during dark periods, of
target molecules (such as oxygen) for the excited pho-
tosensitizer and any photosensitizer concentration gra-
dient might be equilibrated during dark periods 43
Therefore, we concluded that the maximum bacterici-
dal effect of these treatments above for both species
examined could be achieved by optimal exposure time
of 3 min. However, for the longer exposure duration,
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